The objective of this study was to evaluate the topographical effects of titanium surfaces created by sandblasting and oxalic acid etching on the adhesion of human fetal osteoblast cells (CRL-11372) 
Introduction
osseointegration is the mandatory phenomenon for clinically successful dental implant applications. In vivo studies suggest a positive correlation between surface roughness and the strength of the connection between bone and implant surfaces. there is a wide body of evidence demonstrating that acid etched surface textures are rough enough to enhance the interface strength, improve mechanical interlocking and osseointegration in vivo (3, 10, 11, 18) . Surfaces blasted prior to acid etching were reported to show higher removal torque values than the acid etched surfaces presenting a more irregular surface topography (4, 29) . In vivo results for biomechanical interlocking of the rough surfaces compared with polished surfaces have been confirmed in vitro, revealing the effect of surface roughness on cellular mechanisms of osseointegration (19, 25) .
concentration of the acidic solution, time, temperature and roughening step prior to etching are parameters determining the result of chemical attack and microtopography of the etched surface (28, 29) . the surface topography of acid etched titanium surfaces depends on the extent of material removed. "Mild" treatments preserve the main features of the previous topography. if the etching parameters are aggravated, the topography will be determined mainly by the etching process (13) . Various acid solutions like hF, hcl and h 2 So 4 have been used for etching the titanium surfaces (1, 6) . hcl/h 2 So 4 acid etching after coarse grit-blasting, hF and hcl/h 2 So 4 dual acid etching of the machined surfaces, and hno 3 acid etching after grit blasting with hydroxyapatite are some of the surface modifications applied by the commercial implant systems (7, 20, 32) . oxalic acid etching has also been used at the etching processes of titanium surfaces (14, 15) . Johansson et al. (8) blasted cpti surfaces with titanium oxide and acid etched these surfaces with oxalic acid and hydrofluoric acid. Blasted and dual acid etched surfaces (oxalic and hydrofluoric acid, respectively) showed improved performance, displaying greater bone tissue integration compared to the blasted and blasted-oxalic acid etched surfaces in vivo.
this study aimed to characterize the topographical effects of titanium surfaces modified by oxalic acid etching process and to establish a short-term cRl-11372 cells implant model system to study the cellular responses involved in adhesion in vitro after 24 hours.
Materials and Methods
Surface treatments the present study surveyed the behaviors of cRl-11372 cells in vitro in response to polished surfaces and sandblasted cpti
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Sinem Yeniyol 1 surfaces etched with oxalic acid. A total of 16 Grade 2 cpti discs 10 mm in diameter and 2 mm in thickness were ground and polished up with 1 μm diamond abrasive suspension. Metallurgical papers (Struers RotoSystem, Struers, Glasgow, England) were used for obtaining a mirror finish surface. Discs were divided into four groups of four discs each. the groups were as follows:
1. control Group (cG): in this group discs were left as polished. 2. Group SE20: discs were sandblasted with 800 μm Al 2 o 3 particle steam hitting the surface at an angle of 90° with a pressure of 6 bars, with the jets approximately 10 cm away from the disc surface. Blasting of each disc was performed with repeated horizontal movements during a 10 s period. these sandblasted surfaces were etched with 10 % oxalic acid at 90 °c for 20 min to generate Se20 surfaces. 3. Group Pe20: polished discs were soaked in 10 % oxalic acid at 90 °c for 20 min. 4. Group Pe60: polished discs were soaked in 10 % oxalic acid at 90 °c for 60 min.
Cleaning and sterilization of the discs
After surface preparation, discs at the cG were washed in acetone and detergent for 15 min and 5 min, respectively. these discs were then rinsed thoroughly in distilled water and propanol ultrasonically. to avoid or minimize changes in surface texture after processing, Groups Se20, Pe20 and Pe60 were not subjected to this cleaning process. these three surfaces were thought to be clean in terms of their surface preparation methods, considering the final etching process. the discs were stored in a desiccator between the different surface treatment intervals. All of the discs were sealed with autoclave packets and sterilized by gamma radiation (25 kGy) before cell culture assay.
Surface analysis one of the discs from each group was used for characterization of the surface topography quantitatively by a non-contacting optical profilometer (Perthometer S8P, Perthen-Mahr, Göttingen, Germany) and qualitatively by scanning electron microscopy (SeM) (S-3500n; hitachi co., hitachi, Japan) at a 10 kV acceleration voltage. each sample was measured at one site by the profilometer. Twenty scans were performed over a measuring area of 1.750 mm×1 mm at a scan rate of 0.5 mm/s with a laser beam that is approximately 1 μm in spot diameter. The vertical resolution was 25 μm and the horizontal one was 250 μm for all measurements. A Gaussian filter was used to exclude form and waviness from roughness. the size of the filter was set to 50 μm×50 μm. Two height-descriptive parameters were used for quantifying the surface roughness: R a (the arithmetic average of the absolute deviation from the mean line over a sampling length) and R z (the arithmetic average of the five highest-profile peaks and the five lowestprofile valleys over the entire measurement trace).
Cell Culture three discs from each group were used for the cell culture assay. cRl 11372 human fetal osteoblast cells obtained from American type culture collection (Manassas, VA, USA) were used for the cell adhesion experiments in this study. All cell culture assays were carried out under a laminar flow hood under sterile conditions. Cell experiments the cells were allowed to adhere onto the substrates at 34 °c in a humidified atmosphere of 5 % CO 2 (co 2 incubator Mco17Ai, Sanyo, Japan). Media were changed every three days and cells were subcultured (0.25 % trypsin, Biological industries, Beit haemek, israel). All tests were performed at the fourth or fifth subculture. The cells were counted and the concentration was adjusted to 1×10 5 cells/ml with 100 % vitality. Discs were placed in sterile six-well plates. especially made titanium forceps held the discs to prevent any contamination by other metals. On every sample, 50 μL of cell suspension was applied carefully and the cells were allowed to attach for 60 min to the underlying substrate; afterwards 1 ml of culture medium was added into each well. An adhesion test was performed on cell cultures in contact with discs of the cG and in cell cultures in contact with discs of the Groups Se20, Pe20 and Pe60 at 24 h from plating, by counting the cells after trypsinization. Viability was estimated by counting the number of cells which excluded a trypan blue solution (in 0.4 % PBS) (Biological industries, Beit haemek, israel) in a hemocytometer. cells grown on glass discs were used as a positive control group for the cell culture assay.
Reagents
Scanning electron microscopy cell morphologies during adhesion were examined under SeM 24 h after plating. After the cell culture experiment, one of the three discs containing cell layers from each group was washed and fixed with 2.5 % glutaraldehyde (Polysciences, inc., Warrington, USA) in 0.1 mol/l sodium cacodylate buffer (ph 7.4) (Gibco-life technologies, Grand island, nY, USA) for 1 h at 4 ºc. cells were washed twice for 10 min with 0.1 mol/l sodium cacodylate (Sigma Aldrich, Gillingham, UK) and post-fixed in 1 % osmium tetraoxide (Sigma Aldrich, Gillingham, UK) for 1 h at 4 ºC. Cells were dehydrated stepwise in a graded acetone series and incubated in amyl acetate. the samples were critical-point dried, sputter-coated with gold-palladium and then viewed under a SeM (JSM5200, Jeol, tokyo, Japan) at an accelerating voltage of 20 kV.
Statistical analysis
Statistical analysis was performed with SPSS 10.0 (SSPS inc., Chicago, IL, USA) software program. Statistical significance was considered at a probability of P < 0.05.
All measurements were done four times and measurements were expressed as means ± standard deviation. the differences between the groups were analyzed by the Kruskal-Wallis test followed by Post hoc lSD test.
Results and Discussion
Adhesion, proliferation and spreading of osteoblastic cell behaviors are considered to be altered by surface roughness providing the biocompatibility of dental implant surfaces (9, 23) . Incubating osteoblast cells on modified titanium surfaces in vitro and determining their morphologies and percentages of their initial adhesion onto these surfaces is one of the ways of illustrating the probable adhesion, proliferation and spreading behaviors of osteoblast cells at the interface between the newly formed bone and the implant surfaces (22, 26) . li et al. (14, 15) reported that blasted and etched surfaces present micropores, which can have an important role in initial osteogenesis. in our in vitro study, we evaluated the microtopography of the modified surfaces quantitatively by determining R a and R z values, and qualitatively by SeM evaluations of the surface morphologies. coarse blasting (800 μm Al 2 o 3 particles) showed aggressive surface deformations with pits on the order of 1 μm to 10 μm. etching of these surfaces with 10 % oxalic acid, created a new microtopography specialized with 0.5 μm to 1 μm pits, inhabiting the formerly formed macro-topography of the sandblasted surfaces (Fig. 1B) . this formed a smaller micropitted topography compared to the study of li et al. (17) , at which a macro-roughness with a magnitude of 20 μm to 40 µm was created by sandblasting (large grit of 250 μm to 500 µm) and 2 µm micro-pits originating from the hcl/h 2 So 4 acid etching coincided on this macro-topography. Pe20-treated surfaces displayed a 0.5 μm to 1 µm micro-pitted microtopography (Fig. 1C) onto the polished cG surfaces (Fig. 1A) . As the etching time was prolonged up to 60 min, the oxalic acid solution formed more aggressive, deeper and more invasive micro-cavities, 0.5 μm to 1 μm in diameter, onto the polished surfaces (Fig. 1A) , creating the Pe60-treated surfaces (Fig. 1D) .
the R a and R z values refer to the mean of twenty measurements on a disc from each of the four groups. the numerical values are presented in Table 1 . the polished surfaces of the cG had the smallest deviation ( Fig. 2A) , while the Se20 surfaces had the highest deviation in height among the four types of groups (Fig. 2B) . the computerized images of all surfaces ( Fig. 2A, B, C, D) are found to be in consistence with the mean total R a and R z values of the four different surface topographies ( Table 1) . 
* Significant difference compared with Groups SE20, PE20, PE60 (Significant at 99.9 %). † Significant difference compared with Groups CG, PE20, PE60 (Significant at 99.9 %). ‡ Significant difference compared with Groups CG, SE20 (Significant at 99.9 %) and Group PE60 (Significant at 99 %). § Significant difference compared with Groups CG, SE20 (Significant at 99.9 %) and Group PE20 (Significant at 99 %).
|| Significant difference compared with Groups CG, SE20 (Significant at
%).
The type of the profilometer used in the studies plays a crucial role in comparing the results of the studies (31) . in our study, to avoid potential destructiveness of the stylus tip of a mechanical profilometer (12) , an optical profilometer with a spot diameter of 1 µm was used in order to get more precise measurements of the surface roughness. the resolution of the profilomety is an important factor in reflecting the real surface roughness of the scanned surface profile. As the scanned distance increases, even on the same surface, the measured roughness values increase (31) . Szmukler-Moncler et al. (29) scanned a distance of 1.5 mm on SlA and MA (machined and acid etched) discs and osseotite implants with a profilometer equipped with an optical sensor which has a 1 µm spot diameter. R a values for the SlA discs, MA discs and osseotite implants were found to be 3.99 µm, 2.78 µm, and 0.96 µm, respectively. Buser et al. (4) scanned a 2 mm length of measuring distance on SlA implants and osseotite implants with a 0.6 µm diamond stylus and obtained R a values for SlA and osseotite implants of 2 µm and 1.3 µm, respectively. the longer measuring distance, different type of stylus and smaller stylus diameter made the gained R a values higher even on the same scanned implant surfaces. in our study, we chose an optical profilometer equipped with a sensor with a 1 µm spot diameter to scan a measuring distance of 1.750 mm and obtained R a roughness values of 4.54 µm, 2.04 µm, and 1.88 µm for the Se20, Pe60, and Pe20 surfaces, respectively ( Table 1) . our Se20 surfaces seem to have surface roughness values similar to those reported by Szmukler-Moncler et al. (29) for SlA surfaces, when a longer measuring distance than the one in our study was used. P <0.0001 P = 0.199 * Significant difference compared with Groups CG, SE20, PE20 (significant at 99.9 %), and Group PE60 (significant at 99.0 %). in our study, all of the produced surfaces were found to be significantly different from each other for their roughness values, except for the R a values of the Pe20 and Pe60 surfaces. these two surfaces seemed to have similar surface roughness values in terms of their R a values. But, their R z values indicated that the PE60 surface had a significantly more protruding and indented profile than the PE20 surface ( Table 1) . effective results of the modified surfaces on CRL-11372 cell yield and viability were summarized in Table 2 . the positive cG showed the greatest cell population, followed by the cG. At the end of 24 h of culture, no significant differences were found between the positive CG and all the other modified surfaces in terms of cell viability. the results showed that all surfaces, independent of surface roughness, displayed cell adhesion with similar cell viabilities to that of positive cG cells ( Table 2 ). in an experimental study using cells isolated from human mandibular bone, it was reported that [ 3 h]-thymidine incorporation into the osteoblast-like cells had increased with increasing surface roughness, indicating DnA synthesis to be surface-roughness-dependent (23) . contrary to these outcomes, another study failed to show any effect of surface roughness on cell proliferation, AlP activity, or bonelike nodule formation of rat bone marrow cells. An explanation for such a discrepancy could be the difference in the degree of osteoblastic differentiation of these cells (26) . in this regard, the choice of human cRl-11372 cells in our study was made in an effort to introduce a more reliable cell culture system. this was also implied by the study of li et al. (16) where a three-dimensional cell culture model was applied to study the biological interaction between primary osteoblast-like cells derived from human calvaria and modified sandblasted surfaces etched with oxalic acid, on the cytological level. this one-month in vitro study concluded that real perpendicularly connecting bone-fiber osseointegration could be achieved with the oxalic-acid-etched sandblasted surfaces, enhancing the biomechanics of the bone interface. it is known that surface chemistry affects cell behavior (5) . Blasting the surface with particles of Al 2 o 3 and etching the blasted and polished surfaces with oxalic acid might alter the surface composition and, thus, the cellular responses (26) . Because of the high impact velocity, blasting with particles has been shown to provoke the adhesion of particles on the surface, changing the chemical heterogeneity that is to change the corrosion resistance of the cpti. the higher energy transfer has also been shown to provoke a higher compressed coldworked surface layer with higher residual surface stresses, which in turn may influence the corrosion behavior (2). Acidetched surfaces are supposed to be cleaner than machined and sandblasted surfaces for chemical reasons. this process dissolves the outermost layer of an implant surface together with the carbon contaminants introduced on the surface by machining (21) , and it appears to have the potential to greatly enhance osseointegration without adding particulate matter or embedding surface-contaminating grit particles (10) . in this regard, combinations of acids are used to decontaminate the surfaces of implantable titanium materials. however, the acids that are used react chemically on titanium surfaces, leaving residual ions originating from the acid composition which are barely removed by ultrasonic rinsing (24, 30) . in the present study, positive CG cells exhibited a significant difference in the mean total cell counts compared to the other surfaces, indicating that all the sandblasting and etching processes had played a negative effect on the cell cycle of cRl-11372 cells. however, similar mean total cell counts were scored for these surface modification processes, even without differences from the positive cG in terms of cell viabilities ( Table 2) . The surface modification processes seemed to decrease the adhesion of cRl-11372 cells, but the viability of these cells was not affected. Polished surfaces in the cG allowed a confluent monolayer to form (Fig. 3A) . cells in the positive cG showed directional and crowded cell adhesion with elongated cell bodies, forming a confluent monolayer of cells (Fig. 3F) . the cells in Group Pe20, Group Pe60 and the positive cG were of a more fusiform shape (Fig. 3C, D, E) , whereas the cells on the Se20 treated surfaces displayed multidirectional spreading and maintained physical contact with each other through their multiple cytoplasmic extensions (Fig. 3B) . the cells on the Pe20, Pe60 and cG surfaces had spread in more directions than those on the Se20 surfaces, and were attached in many directions to their underlying rough surfaces. oxalic acid used in this study, can be a way of roughening titanium dental implants. According to our study, oxalic acid etching and sandblasting lowered the mean total cell counts adherent to the modified surfaces, although these treatments did not affect the mean total cell viabilities.
Although surface roughness seems to affect cell adhesion, attachment, proliferation and direction; it may be not the only parameter for the biological cell responses. it was shown that increasing roughness did not always cause increased fixation. An upper limit is believed to exist, where further increase in roughness not necessarily gives increased bone fixation (27) . Further studies have to be carried out to find the perfect surface roughness and chemistry to improve the dental implant surfaces.
Conclusions
Based on our study, we may conclude that the cell culture system is a reliable model for evaluating cell behavior on dental implant surfaces. oxalic acid etching and sandblasting surface treatments increased the surface roughness values and allowed the adhesion of cRl-11372 cells after 24 h of incubation. this suggestion, however, requires further surface chemistry characterization experiments in addition to the applied surface roughness tests to elucidate specific doubts arising about the probable residues of the etching solution and corundum impaction on these surfaces.
